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(57) ABSTRACT

A memory device includes a boot-up control unit configured
to control a start of boot-up operation by starting the boot-up
operation when an initialization signal is activated, and
ignore the initialization signal after a complete signal is acti-
vated, a nonvolatile memory unit configured to store repair
data, and output the stored repair data during the boot-up
operation, a plurality of registers configured to store the repair
data outputted from the nonvolatile memory unit, a plurality
of memory banks configured to replace a normal cell with a
redundant cell, using the repair data stored in the correspond-
ing registers among the plurality of resistors, and a verifica-
tion unit configured to generate the complete signal to notify
that the boot-up operation is completed.
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FIG. 1
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FIG. 2
(PRIOR ART)
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1
INTEGRATED CIRCUIT AND MEMORY
DEVICE

This applicationis a division of U.S. patent application Ser.
No. 13/672,140 filed on Nov. 8, 2012. The disclosure of each
of the foregoing applications is incorporated herein by refer-
ence in its entirety.

BACKGROUND

1. Field

Exemplary embodiments of the present invention relate to
an integrated circuit and a memory device, and more particu-
larly, to a technology for transmitting data stored in a non-
volatile memory in an integrated circuit or memory device to
numerous parts of the integrated circuit or memory device.

2. Description of the Related Art

FIG. 1 is a diagram for illustrating a repair operation of a
conventional memory device.

Referring to FIG. 1, the conventional memory device
includes a cell array 110, a row circuit 120, and a column
circuit 130. The cell array 110 includes a plurality of memory
cells. The row circuit 120 is configured to enable a word line
selected by a row address R_ADD. The column circuit 130 is
configured to access (read or write) data of a bit line selected
by a column address C_ADD.

A row fuse circuit 140 is configured to store a row address,
corresponding to a memory cell having a defect in the cell
array 110, and generate a repair row address REPAIR_
R_ADD. A row comparison unit 150 is configured to com-
pare the repair row address REPAIR_R_ADD stored in the
row fuse circuit 140 to the row address R_ADD inputted from
an external source. When the repair row address REPAIR _
R_ADD coincides with the row address R_ADD, the row
comparison unit 150 controls the row circuit 120 to enable a
redundant word line instead of the word line designated by the
row address R_ADD.

A column fuse circuit 160 is configured to store a column
address, corresponding to a memory cell having a defect in
the cell array 110, and generate a repair column address
REPAIR_C_ADD. A column comparison unit 170 is config-
ured to compare the repair column address REPAIR_C_ADD
from the column fuse circuit 160 to the column address
C_ADD inputted from an external source. When the repair
column address REPAIR_C_ADD coincides with the column
address C_ADD, the column comparison unit 170 controls
the column circuit 130 to access a redundant bit line, instead
of the bit line designated by the column address C_ADD.

The row fuse circuit 140 and the column fuse circuit 160
(hereinafter referred to as the fuse circuits) of FIG. 1 use laser
fuses. The laser fuse stores high or low data depending on
whether the fuse is cut or not. The laser fuse may be pro-
grammed in a wafer state, but may not be programmed after
the wafer is mounted in a package. Furthermore, the laser fuse
may not be designed small, because of a pitch limit. To
overcome such a design difficulty, an E-fuse may beused. The
E-fuse may include a transistor or capacitor and/or resistor.
When the E-fuse includes a transistor, the E-fuse stores data
by changing resistance between a gate and a drain/source.

FIG. 2 is a diagram illustrating that the E-fuse including a
transistor operates as a resistor or capacitor.

Referring to FIG. 2, the E-fuse includes a transistor T.
When a normal power supply voltage, which the transistor T
may tolerate, is supplied to a gate G, the E-fuse operates as a
capacitor C. Therefore, there is no current flowing between
the gate G and a drain D or source S (hereinafter referred to as
a drain-source D-S). However, when a high voltage, which
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the transistor T may not tolerate, is supplied to the gate G, gate
oxide of the transistor T may become inoperable to short the
gate G and the drain-source D-S. In this case, the E-fuse
operates as a resistor R. Therefore, a current flows between
the gate G and the drain-source D-S.

Such a characteristic may be used to recognize the data of
the E-fuse through the resistance value between the gate G
and the drain-source D-S of the E-fuse. To recognize the data
of'the E-fuse, (1) the size of the transistor T may be increased
to directly recognize the data without a separate sensing
operation, or (2) an amplifier may be used to sense a current
flowing in the transistor T without increasing the size of the
transistor T. In the above-described two methods, however,
the transistor T forming the E-fuse must be enlarged, or the
amplifier for amplifying data must be provided for each
E-fuse. Therefore, both methods have limitations and con-
cerns over the size and space.

Because of the above-described concerns related to the size
and space, it may not be easy to apply the E-fuse to the fuse
circuits 140 and 160 of FIG. 1. Therefore, as disclosed in U.S.
Pat. Nos. 6,904,751, 6,777,757, 6,667,902, 7,173,851, and
7,269,047, researches have been conducted on a method for
performing a repair operation using data stored in an E-fuse
array including a plurality of E-fuses (in this case, the entire
area may be reduced because an amplifier is shared).

To use data (for example, repair information) stored in a
nonvolatile memory, such as an E-fuse array, provided in a
memory device, a boot-up operation must be performed to
transmit the data stored in the E-fuse array to each area of the
memory device where the data stored in the E-fuse array is
used.

SUMMARY

Exemplary embodiments of the present invention are
directed to an efficient scheme for transmitting data stored in
an E-fuse array to numerous parts of an integrated circuit or
memory device.

Other exemplary embodiments of the present invention are
directed to a scheme for deciding a performance period of a
boot-up operation.

In accordance with an embodiment of the present inven-
tion, a memory device includes a boot-up control unit con-
figured to control a start of boot-up operation by starting the
boot-up operation when an initialization signal is activated,
and ignore the initialization signal after a complete signal is
activated, a nonvolatile memory unit configured to store
repair data, and output the stored repair data during the boot-
up operation, a plurality of registers configured to store the
repair data outputted from the nonvolatile memory unit, a
plurality of memory banks configured to replace a normal cell
with a redundant cell, using the repair data stored in the
corresponding registers among the plurality of resistors, and
a verification unit configured to generate the complete signal
to notify that the boot-up operation is completed.

In accordance with another embodiment of the present
invention, a memory device includes a boot-up control unit
configured to control a start of boot-up operation by starting
the boot-up operation when an initialization signal is acti-
vated, and ignore the initialization signal after a setting com-
mand is activated, a nonvolatile memory unit configured to
store repair data, and output the stored repair data during the
boot-up operation, a plurality of registers configured to store
the repair data outputted from the nonvolatile memory unit,
and a plurality of memory banks configured to replace a
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normal cell with a redundant cell, using the repair data stored
in the corresponding registers among the plurality of regis-
ters.

In accordance with yet another embodiment of the present
invention, an integrated circuit includes a boot-up control unit
configured to control a start of boot-up operation by starting
the boot-up operation when an initialization signal is acti-
vated, and ignore the initialization signal after a complete
signal is activated, a nonvolatile memory unit configured to
output data stored therein during the boot-up operation, a
plurality of registers configured to store the data outputted
from the nonvolatile memory unit, an internal circuit config-
ured to use the data stored in the plurality of registers, and a
verification unit configured to generate the complete signal to
notify that the boot-up operation is completed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram for illustrating a repair operation of a
conventional memory device.

FIG. 2 is a diagram illustrating that an E-fuse including a
transistor operates as a resistor or capacitor.

FIG. 3 illustrates a nonvolatile memory unit that stores
repair information in a memory device.

FIG. 4 is a configuration diagram of a memory device in
accordance with an embodiment of the present invention.

FIG. 5 is a configuration diagram of a memory device in
accordance with another embodiment of the present inven-
tion.

FIG. 6 is a configuration diagram of a memory device in
accordance with another embodiment of the present inven-
tion.

FIG. 7 is a configuration diagram of a boot-up control unit
of FIGS. 4 and 6.

FIG. 8 is a timing diagram illustrating the operation of the
boot-up control unit of FIG. 7.

DETAILED DESCRIPTION

Exemplary embodiments of the present invention will be
described below in more detail with reference to the accom-
panying drawings. The present invention may, however, be
embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
present invention to those skilled in the art. Throughout the
disclosure, like reference numerals refer to like parts through-
out the various figures and embodiments of the present inven-
tion.

FIG. 3 illustrates a nonvolatile memory unit that stores
repair information in a memory device.

Referring to FIG. 3, the memory device includes a plurality
of memory banks BK0 to BK7, a plurality of registers 310_0
to 310_7 provided in the respective memory banks and con-
figured to store a repair address, and a nonvolatile memory
unit 320.

The nonvolatile memory unit 320 substitutes for the con-
ventional fuse circuits 140 and 160 (shown in FIG. 1). Here,
the nonvolatile memory unit 320 stores repair information,
which includes a repair address, corresponding to all of the
banks BK0 to BK7. The nonvolatile memory unit 320 may
include an E-fuse array or various nonvolatile memories such
as flash memory and Electrically Erasable Programmable
Read-Only Memory (EEPROM).

The registers 310_0 to 310_7 provided for the respective
banks BK0 to BK7 are configured to store the repair infor-
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mation of the corresponding memory banks BK0 to BK7,
respectively. For example, the registers 310_0 store the repair
information of the memory bank BK_0, and the registers
310_4 store the repair information of the memory bank
BK_4. The registers 310_0 to 310_7 receive and store the
repair information from the nonvolatile memory unit 320 of
the memory device.

Since the nonvolatile memory unit 320 is configured in an
array type, the nonvolatile memory unit 320 requires a pre-
determined time to call data stored therein. Therefore, it may
be difficult to perform a repair operation by directly using the
data stored in the nonvolatile memory unit 320. Therefore, a
boot-up operation is necessarily required to transmit the
information stored in the nonvolatile memory unit 320 to the
respective registers 310_0 to 310_7. After the boot-up opera-
tion, the data stored in the registers 310_0 to 310_7 may be
used in the repair operation.

In order for the nonvolatile memory unit 320 to transmit
data to the registers 310_0 to 310_7, an address for designat-
ing registers among the registers 310_0 to 310_7 must be
transmitted together with the data to be stored in the registers
310_0to 310_7. Hereafter, a scheme for simplifying the data
transmission and when to start the boot-up operation will be
described.

FIG. 4 is a configuration diagram of the memory device in
accordance with the embodiment of the present invention.

Referring to FIG. 4, the memory device includes a boot-up
controlunit 400, a nonvolatile memory unit 410, a plurality of
registers 420_0_0 to 420_7_N, a plurality of memory banks
BKO0 to BK7, and a verification unit 430.

The boot-up control unit 400 is configured to control a start
of'boot-up operation whenever an initialization signal RSTB
is activated, and ignore the initialization signal RSTB after a
complete signal COMPLETE is activated. Specifically, the
boot-up control unit 400 activates a boot-up enable signal
BOOTEN to start the boot-up operation of the nonvolatile
memory unit 410 whenever the initialization signal RSTB is
activated. However, once the boot-up operation is completed,
the boot-up control unit 400 ignores the reset signal RSTB
even though the initialization signal RSTB is activated, and
does not activate the boot-up enable signal BOOTEN. FIG. 4
illustrates that a reset signal RSTB inputted from an external
source through a pad 401 is used as the initialization signal.
However, any signal activated during the initialization opera-
tion period of the memory may be used as the initialization
signal, instead of the reset signal RSTB.

A pulse signal generation unit 440 is configured to generate
apulse signal BOOTEN_P, which s activated shortly after the
activation time point of the boot-up enable signal BOOTEN.
Here, the generated pulse signal BOOTEN_P may be used to
reset the registers 420_0_0 to 420_7_N.

The nonvolatile memory unit 410 stores repair data of the
memory banks BK0 to BK7, that is, an address of memory
cells having a defect. The nonvolatile memory unit 410 trans-
mits data through a data line DATA LINE. The nonvolatile
memory unit 410 outputs a clock signal CLK generated from
an internal oscillator (or generated using a clock signal input-
ted from an external source), and the clock signal CLK is
synchronized with the data of the data line DATA LINE. The
nonvolatile memory unit 410 may include an E-fuse array or
various nonvolatile memories such as flash memory and
EEPROM. The operation of the nonvolatile memory unit 410
is performed while the boot-up enable signal BOOTEN is
activated. That is, when the boot-up enable signal BOOTEN
is activated, the nonvolatile memory unit 410 transmits stored
data to the data line DATA LINE based on a predetermined
order in synchronization with the clock signal CLK.
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The plurality of registers 420_0_0 to 420_7_N store repair
information of the corresponding banks. For example, the
registers 420_0_0 to 420_0_N store the repair information of
the first memory bank BKO0, and the registers 420_5_0 to
420_5_N store the repair information of the sixth memory
bank BKS5. The plurality of registers 420_0_0to 420_7_N are
connected in series to form one shift register. The plurality of
registers 420_0_0 to 420_7_N shift and store the data trans-
mitted to the data line DATA LINE in synchronization with
the clock signal CLK. For example, when the clock signal
CLK is toggled for the first time, first data transmitted to the
data line DATA LINE for the first time is stored in the register
420_0_0. When the clock signal CLK is toggled for the sec-
ond time, the first data transmitted to the data line DATA
LINE (that is, the data stored in the register 420_0_0) is stored
in the register 420_0_1, and second data transmitted to the
data line DATA LINE for the second time is stored in the
register 420_0_0. Each of the registers 420_0_0 to 420_7_N
may include a D flip-flop.

The memory banks BK0 to BK7 perform a repair operation
of replacing a normal cell with a redundant cell, using the
repair data stored in the corresponding registers 420_0_0 to
420_7_N. Each of the memory banks BKO0 to BK7 may
include a DRAM cell array or FLLASH cell array.

The verification unit 430 is configured to verity whether or
not the data outputted from the nonvolatile memory unit 410
are stored in all of the registers 420_0_0 to 420_7_N. The
verification unit 430 activates the complete signal COM-
PLETE when a predetermined time passes from the start of
operation of the nonvolatile memory unit 410. In other words,
the verification unit 430 activates the complete signal COM-
PLETE when a time required for the nonvolatile memory unit
410 to transmit data to the registers 420_0_0 to 420_7_N
passes. The verification unit 430 may be designed to count the
number of activations of the clock signal CLK during the
activation period of the boot-up enable signal BOOTEN and
activate the complete signal COMPLETE when the count
reaches a preset value. The count of the verification unit 430
may be reset by the pulse signal BOOTEN_P generated by the
pulse signal generation unit 440. Furthermore, the verifica-
tion unit 430 may transmit the complete signal COMPLETE
to the nonvolatile memory unit 410 such that the clock signal
CLK outputted from the nonvolatile memory unit 410 is not
toggled the complete signal COMPLETE is activated.

Referring to FIG. 4, during the boot-up operation for trans-
mitting the data of the nonvolatile memory unit 410 to the
registers 420_0_0 to 420_7_N, the clock signal CLK is trans-
mitted instead of an address, and the registers 420_0_0 to
420_7_N are connected in a shift register type to shift and
store the data outputted from the nonvolatile memory unit 410
in synchronization with the clock signal CLK. Therefore, a
multi-bit address does not need to be transmitted to the reg-
isters 420_0_0to 420_7_N from the nonvolatile memory unit
410, which may significantly reduce the size and space of the
memory device.

Furthermore, the boot-up operation is performed again
whenever the initialization signal RSTB is activated. How-
ever, after the boot-up operation is completed, the initializa-
tion signal RSTB is ignored even though the initialization
signal RSTB is activated by mistake. Therefore, it may pre-
vent the boot-up operation from being repetitively performed
orimperfectly performed when the initialization signal RSTB
is activated by mistake.

FIG. 5 is a configuration diagram of a memory device in
accordance with another embodiment of the present inven-
tion.
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The memory device of FIG. 5 is different from the memory
device of FIG. 4 in that a boot-up control unit 500 receives a
setting command MRS generated from a command decoder
510, instead of the complete signal COMPLETE.

The command decoder 510 is configured to decode com-
mand signals applied from an external source through com-
mand pads 501 and generate a command. The command
generated by the command decoder 510 may include an
active command, a precharge command, a read command, a
write command, a refresh command, a setting command
MRS, and the like. Since the setting command MRS is
directly related to the embodiment of present invention, FIG.
5 illustrates only the setting command MRS among various
commands.

The boot-up control unit 500 may be designed in the same
manner as the boot-up control unit 400 of FIG. 4, except that
the boot-up control unit 500 receives the setting command
MRS instead of the complete signal COMPLETE. The
memory device activates the setting command MRS for per-
forming various setting operations of the memory device after
an initialization process, which includes a power-up opera-
tion and a reset operation of internal circuits, is completed.
After the setting command MRS is activated, a normal opera-
tion of the memory device is performed. Therefore, the boot-
up operation must be completed before the setting command
MRS is applied. Therefore, the boot-up control unit 500 con-
trols the boot-up operation by not performing the operation
even though the reset signal RSTB is activated by mistake,
under the supposition that the boot-up operation is already
normally completed after the setting command MRS is
applied.

Since components having the same reference numerals as
those of FIG. 5 have been already described above, the
detailed descriptions identical or similar components are
omitted.

FIG. 6 is a configuration diagram of a memory device in
accordance with another embodiment of the present inven-
tion.

The memory device of FIG. 6 generates the complete sig-
nal COMPLETE in a manner different from the memory
device of FIG. 4.

In FIG. 6, when the boot-up enable signal BOOTEN is
activated, the nonvolatile memory unit 410 does not output
data, which are to be stored in the plurality of registers
420_0_0 to 420_7_N, but transmits a predetermined data
pattern prior to the data to be stored. For example, a four-bit
data pattern of ‘1010’ may be outputted from the nonvolatile
memory unit 410. A verification unit 630 receives data out-
putted from the last register 420_7_N forming a shift register.
The verification unit 630 checks whether or not the predeter-
mined data pattern is transmitted from the last register, and
verifies that all of the data were transmitted to the registers
420_0_0 to 420_7_N from the nonvolatile memory unit 410.

The verification unit 630 and the pulse signal generation
unit 610 of FIG. 6 may be applied to the memory device of
FIG. 5.

FIG. 7 is a configuration diagram of the boot-up control
unit 400 of FIGS. 4 and 6.

Referring to FIG. 7, the boot-up control unit 400 includes
a rising edge detection section 710, a falling edge detection
section 720, an inverter 730, a NOR gate 740, and SR latches
750 and 760.

The rising edge detection section 710 is configured to
activate a rising detection signal RD to a high level at a rising
edge where the initialization signal RSTB transits from a low
level to a high level. Since the initialization signal RSTB is
activated to a low level, the rising edge detection section 710
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activates the rising detection signal RD at the moment when
the initialization signal RSTB is deactivated.

The falling edge detection section 720 activates a falling
detection signal FD to a high level at a falling edge where the
initialization signal RSTB transits from a high level to a low
level. The falling edge detection section 720 activates the
falling detection signal FD at the moment when the initial-
ization signal RSTB is activated.

The SR latch 750 uses a complete signal COMPLETE as a
set signal and uses a power-up signal PWRUP as a reset
signal. The SR latch 750 activates a control signal CONTROL
to a high level in response to the activation of complete signal
COMPLETE. Alternatively, the SR latch 750 deactivates the
control signal CONTROL to a low level in response to the
activation of power-up signal PWRUP. Here, the power-up
signal PWRUP is activated when internal voltages are stabi-
lized after power-up of the memory device. The control signal
CONTROL maintains a deactivated state after power-up of
the memory device, and maintains an activated state after the
complete signal COMPLETE is activated.

The NOR gate 740 is configured to output the rising detec-
tion signal RD while the control signal CONTROL is deac-
tivated, that is, before the boot-up operation is completed.
Furthermore, while the control signal CONTROL is acti-
vated, that is, after the boot-up operation is completed, the
NOR gate 740 always outputs asignal, which is deactivated to
a low level, regardless of the level of the rising detection
signal RD.

The SR latch 760 activates the boot-up enable signal
BOOTEN to a high level, when the output signal of the NOR
gate 740 is activated to a high level. Furthermore, when the
falling detection signal FD is activated to a high level, the
boot-up enable signal BOOTEN is deactivated to a low level.

The boot-up control unit 500 of FIG. 5 may be designed in
the same manner as the boot-up control unit 400 of FIG. 7,
except that the boot-up control unit 500 receives the setting
command MRS instead of the complete signal COMPLETE.

FIG. 8 is a timing diagram illustrating the operation of the
boot-up control unit 400 of FIG. 7.

Referring to FIG. 8, the power-up signal PWRUP is acti-
vated at the same time when the memory device is started.
Then, the control signal CONTROL is deactivated to a low
level in response to the power-up signal PWRUP.

Then, when the initialization signal RSTB is activated to a
low level and then deactivated to a high level (801), the
boot-up enable signal BOOTEN is activated to a high level.
When the initialization signal RSTB is activated again to a
low level before the boot-up operation is completed (802), the
boot-up enable signal BOOTEN is deactivated to a low level.
When the initialization signal RSTB is deactivated to a high
level (803), the boot-up enable signal BOOTEN is activated
to a high level. When the activation period of the boot-up
enable signal BOOTEN is sufficiently secured to complete
the boot-up operation, the complete signal COMPLETE is
activated (804). After the complete signal COMPLETE is
activated, the boot-up enable signal BOOTEN is deactivated
to a low level, and continuously maintains the state deacti-
vated to a low level, regardless of the activation (805) of the
initialization signal RSTB.

In general, the initialization signal such as a reset signal
RSTB is activated for only one time during an initialization
operation. However, the reset signal RSTB may be activated
several times by noises between a memory controller and the
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memory device. In accordance with the embodiment of the
present invention, the boot-up operation is started whenever
the reset signal RSTB is activated, but once the boot-up
operation is completed, the reset signal RSTB activated after-
wards is ignored. Therefore, although the reset signal RSTB
is activated several times by mistake, it may prevent an error
in which the boot-up operation is repetitively performed.

In the above-described embodiments of the present inven-
tion, the present invention is applied to the memory device.
However, the present invention may be applied to all types of
integrated circuits, which include a nonvolatile memory unit
and require a boot-up operation to transmit data stored in the
nonvolatile memory unit to registers. Furthermore, it has been
described that the data stored in the registers are used for a
repair operation through the boot-up operation. However, the
data stored in the registers may be used in other various types
of internal circuits.

Furthermore, it has been described that, after the boot-up
operation is completed or an effective setting command is
applied, the boot-up operation is not performed even though
the initialization signal is activated. However, the memory
device may be designed to perform the boot-up operation
again when the initialization signal is activated even after the
boot-up operation is completed or an effective setting com-
mand is applied in a specific state such as a test mode.

While the present invention has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirit and scope of
the invention as defined in the following claims.

What is claimed is:

1. A memory device comprising:

a boot-up control unit configured to control a start of boot-
up operation by starting the boot-up operation when an
initialization signal is activated, and ignore the initial-
ization signal after a setting command is activated;

a nonvolatile memory unit configured to store repair data,
and output the stored repair data during the boot-up
operation;

a plurality of registers configured to store the repair data
outputted from the nonvolatile memory unit; and

a plurality of memory banks configured to replace anormal
cell with a redundant cell, using the repair data stored in
the corresponding registers among the plurality of reg-
isters.

2. The memory device of claim 1, wherein the initialization

signal comprises a reset signal.

3. The memory device of claim 1, wherein the boot-up
control unit activates a boot-up enable signal when the ini-
tialization signal transits from an activated state to a deacti-
vated state, deactivates the boot-up enable signal when the
initialization signal transits from a deactivated state to an
activated state, and maintains the boot-up enable signal in a
deactivated state regardless of the initialization signal, after
the setting command is activated.

4. The memory device of claim 3, wherein the nonvolatile
memory unit outputs the stored repair data during the activa-
tion period of the boot-up enable signal.

5. The memory device of claim 1, wherein the plurality of
registers are connected in a shift register type, and shift and
store the repair data outputted from the nonvolatile memory
unit in synchronization with a clock signal.
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